Study Design: Retrospective analysis of prospectively collected clinical data.
D egenerative lumbar spondylolisthesis (DLS) is a common condition in elderly patients and a frequent cause of spinal stenosis. DLS most commonly occurs at the L4/5 level. Although most patients can be treated conservatively, up to 15% may require surgical treatment because of refractory back and leg pain, spinal claudication, and/or radicular pain. 1 Decompression of the spinal stenosis may improve symptoms of claudication and radicular pain, 1, 2 and fusion is intended to prevent progression of the sagittally unstable spondylolisthesis. 3 The combination of decompression and fusion shows a significantly better outcome than decompression alone. 3 The Dynesys system (Zimmer, Winterthur, Switzerland) has been used as a semirigid stabilization device for the treatment of DLS since 1994. The pedicle screwbased system is intended to provide mobile stabilization, controlling motion in all 3 planes. It is designed to restore stability and treat painful degenerative conditions such as unstable degenerative disk disease and lumbar stenosis. Indications for this device are local lumbar pain and/or radicular pain attributed to instability with or without accompanying neurological deficit. Dynesys is also designed to stop further progression of minor deformities frequently associated with spinal stenosis, including degenerative spondylolisthesis and early degenerative scoliosis. 4, 5 Biomechanical studies have shown that the Dynesys system allows for a nearly physiological spinal extension, whereas forward spinal flexion is comparable to that achieved after implantation of a fusion device. With this implant, lateral side bending is diminished up to 40%, whereas rotation is not significantly reduced. 6, 7 In theory, the preservation of some motion at the instrumented segment is intended to diminish adjacent segment degeneration. Short-term follow-up studies (up to 2 y) showed similar results of Dynesys compared with conventional fusion techniques regarding clinical outcome and perioperative and postoperative complications. 5, 8 However, long-term data are sparse.
This study presents a 7.2-year follow-up (range, 5-11.2 y) of DLS at the L4/5 level, treated with decompression and Dynesys stabilization.
MATERIALS AND METHODS
Between 2000 and 2006, 55 patients were treated using a monosegmental Dynesys system for DLS at the L4/5 level. Two experienced spine surgeons performed all surgeries using the same operative technique. All patients underwent decompression of bilateral recesses, undercutting laminotomies, and instrumentation.
Indication for implantation of the Dynesys device was determined on the basis of the preoperative clinical and radiologic evaluation. The preoperative evaluation included standard radiographs [anteroposterior (AP) and lateral], magnetic resonance imaging, and neurological and physical examination. Degenerative spondylolisthesis of >1 level or any prior lumbar surgery were contra-indications to implantation and excluded from this study. The minimum follow-up period was set to be 4 years.
Of the 55 patients treated during this period, there were 41 women (74.5%) and 14 men (25.5%) with a mean age at surgery of 60 years (range, 31-85 y). Thirty-nine patients (71%; 30 women, 9 men) with a mean age of 66 years (range, 40-91 y) were available for evaluation after a mean follow-up time of 7.2 years (range, 4.8-11.2 y). Sixteen patients (29%) were lost to follow-up. Twelve (22%) had died, 2 (3.6%) could not be contacted, and 2 others (3.6%) refused a visit because of immobility unrelated to spinal problems. The 2 patients unable to visit because of immobility reported over the telephone that they had no back or leg pain, but were not included in our follow-up.
Clinical Outcome
At follow-up investigation, standard neurological and physiological examination was performed. The need for pain medication was noted and any complications or additional operations directly related to the index surgery. For patient-based outcome measurement, a questionnaire described by Grob et al 9 was used. The questionnaire assesses (1) changes in back and leg symptoms after surgery; (2) duration of improvement; (3) reoperations; (4) changes in work status; (5) quality of life and free-time activities; and (6) global outcome. The questionnaire also asks the patient if they would undergo surgery again. In addition, patients were evaluated with the "Spine Tango" questionnaire, which includes the SF-36, EQ-5D, Oswestry Disability index (ODI), and Core Outcome Measures Index. These standardized questionnaires are established and validated instruments for the evaluation of postoperative outcomes. 10
Radiologic Outcome
Radiographic assessment included AP, lateral, and functional radiographs. The follow-up images were compared with those taken immediately postoperatively. Two independent investigators (1 musculoskeletal radiologist and 1 orthopedic surgeon not involved in the original surgeries) analyzed all radiographs. Particular attention was paid to screw loosening and/or breakage. Any obvious motion of the screw on the functional radiographs, or any evidence of a typical radiolucent area around the screw was used to determine screw loosening. Degeneration at the operative level (L4/5) and at the adjacent motion segments (L1/2, L2/3, L3/4, L5/S1) was analyzed using a linear 5-step scale (disk height not reduced, disk height <25% reduced, disk height 25%-50% reduced, disk height 50%-75% reduced, disk height > 75% reduced). To determine disk height reduction, the height of the disk at each motion segment was compared with the height of a healthy control disk. Motion at each segment was measured by comparing the angle of inclination and retrolisthesis for each segment in the functional radiographs. Potential progression of anterolisthesis in the treated segment was measured by comparing the "Sim index" 11 from the immediate post-operative radiograph with that from the most recent follow-up. The Sim index quantifies the grade of spondylolisthesis in the lateral lumbar radiograph. It is calculated by dividing the length of the uncovered superior end plate of the caudal vertebral body by the full length of the same end plate. This quantifies the slip as a percentage where 0% is no slip, and Z100% is a spondyloptosis.
Statistical Analysis
Wilcoxon signed-rank test was used for comparison of preoperative to postoperative continuous data. The level of significance was set to 0.05 throughout the study. All statistical analyses were conducted using SAS 9.1 (SAS Institute Inc., Cary, NC).
RESULTS

Clinical Outcome
Twenty-six percent of patients still required regular pain medicine for back pain, and an additional 7.8% used pain medicine occasionally for back pain. Sixty-seven percent of patients required no pain medication at all.
Fifteen patients (38.5%) were retired from work at the time of the surgery. Twenty-one of the remaining 24 patients (87.5%) returned to their previous level of work, leaving 3 patients (12.5%) who did not return to their previous level of work because of persisting pain (2 patients, 8.3%) or advancing age (1 patient, 4.2%).
Eight patients (21%) required reoperation. Symptomatic adjacent segment disease was the main reason in 5 cases. In 1 case, the patient required a posterior lumbar interbody fusion of L2/3 for progressive degeneration at that level. There was 1 case of late-onset infection (7.3 y after index surgery) and 1 case of implant failure (1.4 y after surgery), both of whom were treated with partial implant removal ( Table 1 ). Six of the 8 patients requiring reoperation went on to an overall satisfying result without further intervention. The other 2 patients continued to experience chronic pain (failed low back syndrome). In the Grob questionnaire, 89% of patients stated that their back pain improved "very much" or "much" after surgery. Three percent reported no change in their pain, and 8% reported worsening back pain. Ten patients (25.6%) experienced only a temporary improvement of back pain, with the average time of improvement being 3.6 years (range, 1-5 y; SD 1.6 y).
Similar results were seen with leg pain, which improved "very much" or "much" in 87% of patients. Eight percent of patients reported no change, and 5% reported worse pain. Eleven of 39 (28.2%) patients experienced only temporary improvement with the average time of improvement being 3.4 years (range, 1-5 y; SD 1.6 y).
Eighty-one percent of patients reported that their ability to work improved "very much" or "much." Thirteen percent reported no change and 5% reported deterioration in their ability to work. The subjective quality of life improved "very much" or "much" in 84% of patients, no change was noted in 11%, and 5% of the patients reported a "worse" quality of life after surgery.
Eighty-three percent of patients reported the operation "helped a lot" or "helped." Eight percent reported it "helped a little," 3% reported no change, and 5% reported a worsening after the intervention. Ninety-two percent of the patients would undergo the surgery again ( Table 2 ).
Spine Tango
At most recent follow-up, the mean ODI was 17.5 ± 18.8, the mean EQ-5D Score was 0.8 ± 0.25, the mean Core Outcome Measures Index Score was 3.0 ± 2.6, and the mean SF-36 Physical Function Score was 45.0 ± 10.3 (Table 3 ).
Radiologic Outcome
Nineteen percent (29/156) of the adjacent segments showed signs of degeneration. Radiologic adjacent segment degeneration was most common in immediately adjacent segments L3/4 (11 patients, 28%; Fig. 1 ) and L5/ S1 (7 patients, 18%). L2/3 showed ongoing sings of degeneration in 5 patients (13%), and L1/2 was affected in 6 patients (15%). The stabilized segment L4/5 showed a mild progression of degeneration in 9 patients (24%; Table 4 ).
Range of motion at the instrumented segment was reduced. Twenty-nine segments (73%) appeared to be fused on the functional radiographs with 16 segments (41%) showing no motion, and 13 segments showing a flexion-extension range of <4 degrees. The maximal motion observed at the instrumented segment was 11 degrees ( Table 5 ).
The Sim index, reflecting progression of vertebral AP slip, did not change in 32 of 39 patients (82.1%) between the immediate postoperative x-ray and the follow-up.
Four screws in 3 patients showed radiologic signs of loosening without clinical symptoms. In 1 case, instability of the stabilized segment was found due to implant loosening. This patient was completely asymptomatic without leg or back pain (Fig. 2) . In one of the 3 cases, 1 screw was observed to be broken. This patient opted for screw removal even though he reported no clinical symptoms related to the broken screw.
DISCUSSION
Clinical Outcome
This study presents long-term data from a single site treating a patient group with a clearly defined pathology using 1 type of surgery. Our data show that monosegmental instrumentation of a degenerative L4/5 spondylolisthesis with the Dynesys system, in combination with bilateral decompression, yielded good long-term results. Back and leg pain improved in 87% of patients, and 90% of patients were able to resume some form of work after surgery. Patient satisfaction was high, and 92% of the patients reported they would undergo the same operation again.
Current literature addressing long-term results of dynamic stabilization devices is sparse. Available data on short-term and mid-term results show mixed results. Schaeren and colleagues reported similar results to our study. They investigated 26 patients with degenerative spondylolisthesis at L3/4 or L4/5 with a 4-year follow-up. Stoll et al 5 also showed significant improvement of ODI and pain scales in 83 patients stabilized with the Dynesys system for several different indications. Other authors describe less favorable results. Grob et al 9 reported on a consecutive series of 50 patients with a 2-year follow-up after Dynesys instrumentation. Only 50% patients reported that the operation "helped" or "helped a lot." However, the study included various spinal pathologies, the indication for surgery was poorly defined, and monosegmental and mul- tisegmental stabilizations were not evaluated separately.
Wu¨rgler-Hauri and colleagues showed a poor outcome in patient self-evaluation using the Coventry Scale. Patients reported an improvement of radicular pain but limited improvement of back pain after monosegmental and multisegmental Dynesys instrumentation in a short-term follow-up of 1 year. 12 The authors concluded that decompression, rather than dynamic instrumentation, is responsible for improvement in their patients. The value of decompression alone is arguable when reviewing data by Mannion and colleagues. They show that a "good" clinical outcome at 5 years after decompression alone can be achieved in 64.7% of patients with any degenerative spinal disease and compression of the neural elements. 13 In a review of current literature, Carreon and colleagues showed that patients with degenerative spondylolisthesis generally benefit from stabilization compared with nonoperative treatment. Different kinds of fusion surgeries showed similar improvement in both ODI and SF-36 functional scores, supporting the widely established opinion that an unstable motion segment needs some kind of stabilization. 3, 14 Other authors also report good results after dorsal spondylodesis with autologous bone in degenerative spondylolisthesis at a follow-up of 2 years. 15 Swan et al 16 reported on the advantages of combined AP fusion (ODI, 14.6) over posterior instrumentation alone. Compared with detailed data in these studies, our results with dynamic stabilization show superior ODI and SF-36 scores.
Revision Rate
During the follow-up period, reoperations were required in 8 of 39 patients. The main reason for reintervention was symptomatic adjacent segment pathology in 6 patients at either L3/4 or L5/S1 (15.6% of all patients). This is a relatively low percentage as the incidence of symptomatic adjacent segment pathology in the long term is reported to be between 15% and 35%. [17] [18] [19] 
Radiologic Outcome
Our radiologic data show that dynamic stabilization with the Dynesys system did not lead to progression of vertebral slipping in the operated motion segment. Schaeren et al 20 showed similar results in their study.
Progressive loss of disk height in the stabilized segment is rare. We found a limited mobility of <4 degrees in the stabilized segment in 29 of 39 patients, meaning almost 75% of stabilized segments become functionally fused over time. This could indicate that the Dynesys system works as a fusion device in a considerable percentage of cases and that clinically favorable results are not necessarily because of its potential motion-preserving character. This is supported by the fact that, radiologically, there was a progression of disk degeneration in the level above (L3/4) and below (L5/S1) the operated segment in 18% and 23%, respectively. In contrast, we could not find a correlation between the rate of adjacent segment degeneration and remaining motion in the operated segment. This is in line with the results of a retrospective radiographic analysis by Cakir and colleagues where it was shown that Dynesys stabilization has no significant influence on the adjacent segment range of motion. Obviously preserving motion does not necessarily prevent adjacent segment disease, 21, 22 and the natural course of degenerative disease is difficult to predict.
Limitations
There are several limitations to our study. We do not have preoperative quality of life and pain data for all patients. Therefore, it is not possible to show the individual benefit of the operation in terms of improvement in the visual analog scale or SF-36 scores. However, the questionnaire according to Grob and colleagues is designed to assess the benefit of the operation retrospectively. Also, our study is a single-arm investigation without a control group, for example, patients treated with fusion or decompression alone. Nevertheless this study represents the largest patient cohort with degenerative spondylolisthesis treated in the described manner with the longest follow-up published so far.
CONCLUSIONS
Clinical long-term results after decompression and monosegmental instrumentation of degenerative L4/5 spondylolisthesis with the Dynesys system are overall good. The revision rate is comparable to other dorsal instrumentation devices. However, the majority of instrumented segments seem to functionally fuse over time. Nevertheless, the rate of radiologic and clinically symptomatic adjacent segment degeneration appears low. Dynesys stabilization of symptomatic L4/5 degenerative spondylolisthesis is a possible alternative to other stabilization devices.
